Received: 21 August 2018

| Accepted: 13 December 2018

DOI: 10.1002/pros.23761

ORIGINAL ARTICLE

WILEY

HOXA10 expression profiling in prostate cancer

Yuji Hatanaka MD! | Marco A. de Velasco PhD?2 |

Masahiro Nozawa MD?! |

Nobutaka Shimizu MD?! |

Kazuhiro Yoshimura MD, PhD?! |

Takashi Oki MD?! |

Kazuhiro Yoshikawa PhD?® |

Kazuto Nishio MD, PhD? | Hirotsugu Uemura MD, PhD?

1 Department of Urology, Kindai University
Faculty of Medicine, Osaka-Sayama, Japan

2 Department of Genome Biology, Kindai
University Faculty of Medicine, Osaka-
Sayama, Japan

3 Promoting Center for Clinical Research, Aichi
Medical University, School of Medicine,
Nagakute, Aichi, Japan

Correspondence

Hirotsugu Uemura, Department of Urology,
Kindai University Faculty of Medicine, 377-2
Ohno-Higashi, Osaka-Sayama 589-8511,
Japan.

Email: huemura@med.kindai.ac.jp

Marco A. de Velasco, Department of Genome
Biology, Kindai University Faculty of
Medicine, 377-2 Ohno-Higashi, Osaka-
Sayama, 589-8511, Japan.

Email: mdev@med.kindai.ac.jp

Funding information

Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research (C),
Grant numbers: 22591781, 26670707,
26462433

Background: HOX genes encode transcription factors that play key roles in modulating
normal tissue morphogenesis, differentiation and homeostasis. Disruption of normal
HOX gene expression occurs frequently in human cancers and is associated with both
tumor promoting and suppressing activities. Among these is, HOXA10, a pleiotropic
gene that is critical for normal prostate development. In this study we characterized
HOXA10 expression in human and mouse PCa to gain insights into its clinical
significance.

Methods: A meta-analysis of HOXA10 mRNA expression was carried out across
several publicly available data sets. Expression of HOXA10 protein expression was
assessed by immunohistochemistry (IHC) using human radical prostatectomy (RP)
cases. We correlated HOXA10 expression to clinicopathological features and
investigated its relationship to biochemical recurrence (BCR) after RP by the
Kaplan-Meier method. HOXA10 mRNA and IHC protein expression was also examined
in a mouse model of Pten-null PCa.

Results: A meta-analysis of HOXA10 gene expression indicated dysregulated
expression of HOXA10 in human PCa. IHC profiling of HOXA10 revealed inverse
correlations between HOXA10 expression and Gleason pattern, Gleason score, and
pathological stage (P < 0.01). Patients with low expression profiles of HOXA10 were
associated with a higher risk of BCR, (OR, 3.54; 95%Cl, 1.21-16.14; P = 0.049) whereas
patients with high HOXA10 expression experienced longer times to BCR (P = 0.045).
However, HOXA10 was not an independent predictor of BCR (OR, 1.52; 95%Cl, 0.42-
5.54; P=0.52). Evaluation of expression patterns of HOXA10 in mouse prostate
tumors mimicked that of humans.

Conclusions: Our findings show that HOXA10 expression is inversely associated
with tumor differentiation and high HOXA10 expression is associated with
improved BCR-free survival. This study provides human and mouse evidence
to suggest tumor suppressive roles for HOXA10 in the context of prostate

cancer.
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1 | INTRODUCTION

Radical prostatectomy (RP) is the primary curative treatment option for
patients with localized prostate cancer (PCa). Nevertheless, recurrence
after RP occurs in approximately one third of the patients.>? Predicting
disease recurrence remains a major challenge due to the complex
nature of PCa and while postoperative factors such as Gleason score
(GS) and pathological stage are useful as prognostic factors,® there are
no molecular biomarkers that can reliably predict biochemical
recurrence (BCR). Identifying factors that contribute to BCR could
help clarify our understanding of prostate cancer biology and enhance
our ability to identify patents that may benefit from post-surgical
adjuvant therapy.

Homeobox genes are transcriptional regulators that play critical
roles in controlling morphogenesis, differentiation and regional
development along the anteroposterior axis during embryogenesis.*>
The human genome contains 39 homeobox genes, which are
categorized into four families (HOXA, HOXB, HOXC, and HOXD).® In
the developing embryo, the homeobox proteins HOXA10, HOXA13
and HOXD13 modulate morphogenesis and normal development of
the prostate gland.” However, aberrant expression of homeobox genes
is often observed in cancers and have been implicated with increased
tumor growth, proliferation, angiogenesis and cell cycle.®. HOXA9 and
HOXB13 are the two HOX genes most commonly associated with solid
tumors while overexpression of HOXC is observed in human prostate
cancer.’

HOXA10 has been shown to play both tumor promoting and
tumor suppressing roles in various solid cancer models.*°=*3 Further-
more, a positive correlation was observed between HOXA10
expression and patient prognosis in gastric cancer, whereas, a negative
correlation was reported in ovarian adenocarcinoma thus indicating
that HOXA10 acts in a context-dependent manner.**°

To further elucidate the clinical significance of HOXA10 in human
cancer, we focused on examining the evaluating HOXA10 expression
in human prostate adenocarcinoma and its associations with
clinicopathological features. We further examined its temporal

expression in a well-established mouse model of Pten-deficient PCa.t¢

2 | MATERIAL AND METHODS

2.1 | Human mRNA data

HOXA10 gene expression analysis were performed using publicly

available datasets in the Oncomine cancer microarray database.'”

2.2 | Patient population

Archival tissue blocks from a cohort of 112 radical prostatectomy (RP)
cases performed between January 2006 and March 2010 at Kindai
University Faculty of Medicine were selected. Patients with preoper-
ative hormone therapy or radiotherapy were excluded. Biochemical
recurrence (BCR) was determined to be PSA failure after RP. Patient
details are summarized in Table 1.

TABLE 1 Summary of clinicopathological characteristics

No. of patients 112
Age 67 (53-77)
Initial PSA(ng/mL) 11.3 (3.6-53)
Gleason pattern
3+3/3+4/3+5 19/32/5
4+3/4+4/4+5 16/10/23
5+3/5+4/5+5 2/4/1
Gleason score
6 19
7 48
8-10 45
Stage
pT2 69
pT3/pT4 42/1
Biochemical failure
Relapse—free 45
PSA failure 67
PSA nadire of after RP
<0.005 45
20.005 67

2.3 | Immunohistochemical (IHC) analysis

Tissue microarrays, consisting of prostate tumor and normal
adjacent tissue, were constructed from formalin-fixed paraffin
embedded tissue blocks. Selected donor blocks, originally assessed
for pathological examination after surgery, were pulled and
representative areas of tumor and normal adjacent tissue were
marked and cored (2-5 1.5 mm cores) using a custom manual coring
instrument and embedded into recipient blocks. Serial sections
were cut and placed on positively charged slides. A slide was
stained with hematoxylin and eosin for confirmation by a trained
urologist.

For IHC studies, adjacent serial sections were subjected to
antigen retrieval with DAKO Target Retrieval Solution (Agilent,
Santa Clara, CA), for 20 min in a steamer, blocked in normal serum
and incubated overnight at 4°C with the anti-HOXA10 (N-20,
sc17158, 1:150; Santa Cruz Biotechnology Inc., Heidelberg,
Germany), stained using the ABC kit (Vector Laboratories,
Burlingame, CA) following manufacturer's protocols, developed
in DAB (Invitrogen, Camarillo, CA) and counterstained with
hematoxylin.

Stained samples were analyzed by light microscopy and scored
according to intensity (4 point scale: O = negative; 1 = weak; 2 = mod-
erate; and 3 = strong) and distribution (recorded as percent positive).
An index score (IS) was determined by the product of intensity x dis-
tribution. The final index score represents the average value from two
independent blinded scorers.
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2.4 | Animal studies

All mice were housed at the Kindai University Faculty of Medicine
Animal Facility in accordance with institutional guidelines. Pten-
deficient (PSAS™;Pten'”P/*P) have been described previously.*® Pten-
wildtype (PSA®";Pten*’*) were as normal controls.

For mouse Hoxal0 mRNA analyses, gRT-PCR was performed on
prostate glands collected from wildtype and tumor bearing Pten-
deficient mice. Briefly, total RNA was extracted and purified from
prostate tissues preserved in RNALater solution using the RNeasy Mini
Kit (Qiagen, Germantown, MD) following the manufacturer's instruc-
tions. cDNA was synthesized using the PrimeScript First Strand cDNA
Synthesis Kit (Takara, Shiga, Japan). The sequences for the mouse
Hoxal0 primer used were forward; 5'CTGTCTCCAGCCCCTTCA-
GAAA3' and reverse; 5'TCTGGTGCTTCGTGTAAGGGAS3'. Relative
change in gene expression was calculated using 224t method using
Gapdh as an internal control.

IHC of HOXA10 was performed in formalin-fixed paraffin
embedded tissue sections of mouse prostates collected at the

indicated time and stained as previously described.

2.5 | Statistical analysis

Data were reported as mean values + standard error unless noted. A
two-tailed Student's t-test used for paired analysis and one-way
ANOVA on ranks for multiple comparisons. Correlations between
HOXA10 expression and clinicopathological features were performed
using Pearson's correlation. We used receiver operating characteristics
(ROC) analysis to identify the optimal cutoff value of the HOXA10 IS.
Associations between high HOXA10 (IS 2150) or low HOXA10
(IS<150) and clinicopathological features were calculated using
Pearson's Chi Square test. The Kaplan-Meier method was used to
estimate BCR survival curves and statistical significance was deter-
mined by the Log-rank test. Univariate and multivariate Cox regression
was used to evaluate the associations between clinical covariates and
BCR. Hazard ratio and 95% confidence interval were estimated from
Cox proportional hazard models. For multivariable Cox regression
models, variables that were statically significant (P < 0.05) in univariate
analysis were included. Analyses were performed with
StatMate V Win&Mac Hybrid Value Package for Microsoft Windows.
A P <0.05 was considered statistically significant.

3 | RESULTS

3.1 | Meta-analysis of HOXA10 gene expression in
human tissues

We first performed a meta-analysis of HOXA10 gene expression in
human normal and cancer tissues using publicly available datasets from
the Oncomine microarray database.'” Overall, HOXA10 mRNA levels
were higher in normal reproductive organs including prostate, uterus
and vagina (Figure 1A). In normal prostate, HOXA10 levels had fold
increases of 8.040, P < 0.001 and 14.730, P < 0.001 in normal versus
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normal analysis, Roth Normal and Roth Normal 2, respectively. In the
Brittner multi-cancer data set, colorectal, prostate and esophageal
cancer had the greatest levels of HOXA10 overexpression, exhibiting
fold changes of 3.400, P<0.001; 3.133, P<0.001; and 2.464,
P <0.015, respectively (Figure 1B). Notably, six of eight prostate
cancer datasets showed decreased levels of HOXA10 in tumor tissues
versus normal prostate tissues (Figure 1C).18-2% These findings suggest
that HOXA10 is critical for normal prostate maintenance and support

the notion that dysregulated expression may be associated with PCa.

3.2 | Characterization of HOXA10 expression in
human prostate cancer

To determine the clinical significance of HOXA10 in human prostate
cancer, we performed immunohistochemical analyses on prostate
tissue microarrays consisting of normal adjacent and cancer tissue
cores from 112 patients that underwent radical prostatectomy
(Table 1). Representative images of HOXA10 staining in benign and
prostate tumor are shown in Figure 2. Strong nuclear HOXA10 staining
was predominantly observed in epithelial cells in benign prostate
tissue. In PCa cases, HOXA10 staining varied in both normal adjacent
tissue and dysplastic glands. Expression patterns ranged from low to
high distribution with weak to moderately strong staining present in
both the nucleus and cytoplasm. Notably, immunoreactivity of
HOXA10 appeared to decrease in poorly differentiated tumors
(Figure 2).

To further understand the clinical relevance of HOXA10 in PCa,
we examined HOXA10 expression and it association to clinicopa-
tholigal features. We used the HOXA10 IS as a semi quantitative
means to measure the staining intensity and distribution of nuclear
expression of HOXA10 in normal prostate and PCa. Notably,
HOXA10 expression tended to be greater in cancer regions
compared to adjacent normal areas (Figure 3A-B). However, the
HOXA10 expression was inversely associated with histological grade
and pathological stage (Table 2 and Figures 3B and 3C). A single case
of metastatic PCa was available for evaluation and scored but was
not included in the analysis since it was a single case. However
expression in the metastatic lesion was higher than the primary,
HOXA IS 180 versus 70, respectively.

3.3 | Association between HOXA10 expression and
clinical features

A HOXA10 IS of 150 was determined to be the optimal cutoff value for
the HOXA10 expression analysis (Figure 4). Statistically significant
associations between high and low HOXA10 index scores were
observed for GS and tumor differentiation (Table 3).

The significance of HOXA10 expression and the probability of
biochemical recurrence after RP were further explored by Kaplan-
Meier analysis. Patients with low HOXA10 expression (HOXA10 IS
<150) experienced shorter times to biochemical recurrence com-
pared to patients with high HOXA10 expression (P = 0.045; Figure 5).
On univariate analysis, low HOXA10 IS revealed a marginal
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FIGURE 1 Evaluation of HOXA10 expression in human tissues. Gene expression profiles of HOXA10 in human normal (Roth Normal 2 data
set, A) and cancer (Brittner Multi-cancer, B) tissues from data sets queried in the Oncomine database repository. (C) HOXA10 expression in

prostate cancer versus normal prostate in Oncomine public datasets.

statistically relevant association for biochemical recurrence (OR
3.54, P=0.049), but was not an independent predictor (OR 1.52,
P=0.52, Table 4).

3.4 | Reduced HOXA10 is observed in a mouse Pten-
null prostate cancer model

To provided further insights into the potential biological significance
of HOXA10 and prostate cancer, we examined HOXA10 in a
transgenic mouse model of prostate cancer that closely mimics
human prostate cancer.® HOXA10 mRNA levels were lower in

prostate tumors from Pten-deficient prostates compared to those of

[Color figure can be viewed at wileyonlinelibrary.com]

wildtype mice (P<0.001, Figure 6A). Figure 5 shows the IHC
expression of HOXA10 in the spatial/temporal continuum of
prostate cancer development and progression in the Pten-deficient
prostate cancer model. As in humans, HOXA10 is strongly expressed
in normal prostate, of tumor-free wildtype mice. HOXA10 was still
present in low-grade intraepithelial neoplasia (LG-PIN) lesions but
was notably absent in the basal cells of mouse high-grade PIN (HG-
PIN) and moderately differentiated cancer glands, and was mostly
lacking in advanced poorly differentiated tumors. Together, our
findings show that HOXA10 is decreased in poorly differentiated
PCa and suggest important functional roles for HOXA10 in tumor
differentiation.
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FIGURE 2 HOXA10 protein expression in human prostate. Representative images of benign prostate, localized prostate cancer and lymph
node metastasis. Tissue sections were immunostained with anti-HOXA10. Scale bars represent 100 and 25 microns in low and high
magnification inserts, respectively. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Immunohistochemical expression profile of HOXA10 in radical prostatectomy cases. (A) Beanplot comparing HOXA10 index
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TABLE 2 Correlation between HOXA10 expression and clinical features

Age Initial PSA Gleason pattern
Pearson correlation 0.0733 -0.104 -0.469
P-value 0.442 0.274 <0.01
N 112 112 112

4 | DISCUSSION

HOXA10 is a key transcription factor tasked with the regulation of
prostate morphogenesis, differentiation and adult tissue homeostasis.
Herein, we have shown that HOXA10 is reduced in PCa and its
expression is associated with key clinicopathological features such as
Gleason score/pattern, pathological stage and differentiation. Fur-
thermore, low expression of HOXA10 was associated with shorter
time to BCR. Although, IHC expression of HOXA10 was not an
independent predictor of BCR, our data suggested biologically
significant roles for HOXA10 and were supported by similar
expression patterns in a clinically relevant mouse model of prostate
cancer.

Homeobox genes have diverse biological roles in solid tumors and
have been found to control a number of critical of key cellular
processes such cell proliferation,24?” tumor angiogenesis,?® invasion
and metastasis?2? As a result, some homeobox genes such as NKX3.1
also function to suppress cancers.%® Other homeobox genes such as
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HOXA 9 have shown duplicitous roles exhibiting tumor promoting
effects for ovarian cancer, but showing tumor suppressing activity in
breast cancer.®%*2 HOXA10 is a homeobox gene that has also
demonstrated context and cancer-specific roles. For example,
HOXA10 has been shown to suppress invasion and metastasis by
downregulating the expression of snail and inducing the expression of
E-cadherin in endometrial carcinoma cells.*? Additionally, breast
cancer cells, overexpressing HOXA10 reduced their invasiveness
through p53 regulation.*® Elevated HOXA10 expression in gastric
cancer cells was shown to inhibit proliferation and motility and its
expression in gastric cancer patients was associated with a better
prognosis.t* Conversely, others have reported that HOXA10 was
correlated with poor survival in patients with clear cell ovarian
carcinoma® and promoted oral squamous cell carcinoma proliferation,
migration and invasion.33

The biological and clinical significance of HOXA10 in PCa has not
been determined. Here, we have shown that HOXA10 expression was
inversely associated with tumor differentiation, a feature that is similar
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FIGURE 4 Determination of HOXA10 index sensitivity and specificity. Receiver operating characteristics (ROC) analysis was performed to
determine the value of HOXA10 expression in prostate cancer as a potential biomarker and determination of an optimal HOXA10 index score
cutoff. ROC (A), sensitivity and specificity (B), and histogram plots (C) of HOXA10 index score. (D) Scatterplot of individual HOXA10 index
scores in biochemical recurrence (BCR) versus BCR-free cases using an optimal cutoff of 150. [Color figure can be viewed at

wileyonlinelibrary.com]
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TABLE 3 Association between HOXA10 expression and clinical

features
HOXA10 Index score
<150 >150 P-
Variable (n=107) (n=15) value
Age (years) <70 59 8 0.789
>70 38 7
Initial PSA (ng/mL) <10 56 8 0.968
210 41 7
Gleason score <7 54 13 0.046
>8 43 2
Tumor differentiation Well 12 7 0.002
Moderately 42 6
Poor 43 2
Stage pT2 57 12 0.198
pT3/4 40 3
Biochemical recurrence Relapse—Free 36 9 0.162
PSA failure 61 6
PSA nadir of after RP <0.005 37 8 0.404
>0.005 60 7

to both gastric!* and ovarian!? cancers. We found no significant
differences between cancer and normal adjacent tissue in matching
cases. We also noted that HOXA10 expression had a Gaussian
distribution in histologically normal prostate glands whereas a bimodal
distribution was observed in PCa (Figure 3A). Moreover, HOXA10
expression was higher in Gleason pattern three compared to normal
tissues, but the exhibited grade-dependent decrease. It is possible that

I?2 and could have altered

normal tissues may not be truly norma
HOXA10 expression or there are distinct but context-dependent roles
for HOXA10 function. Aberrant and context-dependent roles other

HOX genes in the development of cancers has been observed.®*
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[Color figure can be viewed at wileyonlinelibrary.com]

Further evidence for possible duplicitous roles of HOXA10 is
supported by the fact that a portion of high HOXA10-expressing
PCa experienced longer time to BCR.

Genetic testing is becoming more and more a part of standard
practice because of its potential benefits. However, there are some
gaps to fill as gene testing can be limited depending on the panel and
application. IHC offers a technically less challenging, cost-efficient and
widely available option. From this viewpoint, IHC testing for
biomarkers should be complimentary to other testing platforms and
candidate biomarkers such have clear cutoffs and demonstrate good
specificity. We sought to determine the possibility of HOXA10 as a
potential biomarker for BCR after RP. Unfortunately, HOXA10 IHC
expression profiling performed poorly with ROC analysis and failed to
be a prognostic independent predictor of BCR.

While HOXA10 is an unlikely candidate for further biomarker
studies in prostate cancer, its role in cancer regulation is quite

apparent. Further evidence of this notion is supported by our

TABLE 4 Univariate and multivariate analyses of factors associated with biochemical recurrence after radical prostatectomy

Univariate Multivariate
OR 95%Cl P-value OR 95%Cl P-value
Age <70 (Reference) 0.34-1.60 0.57
270 0.74
Initial PSA <10 (Reference) 0.41-1.92 0.93
210 0.89
Gleason score <7 (Reference) 1.93-11.13 <0.001 (Reference) 1.30-10.63 0.014
28 4.65 3.73
Stage pT2 (Reference) 1.45-7.95 0.007 (Reference) 0.54-4.20 0.43
pT3/pT4 3.39 1.50
PSA nadir after RP <0.005 (Reference) 2.97-16.14 <0.001 (Reference) 2.59-16.02 <0.001
>0.005 6.93 6.44
HOXA10 index score >150 (Reference) 1.21-16.14 0.049 (Reference) 0.42-5.54 0.52
<150 3.54 1.52


wileyonlinelibrary.com

HATANAKA ET AL.

8 | The Prostate -WILEY

A 200 -
]
o T
‘w150 -
o
g P<0.001
s 100 -
Q
2 ——
< 50 - ——
o
0 : -
Pten*/* Pten”
(n=3) (n=4)
B
20 wk Pten*/* 20 wk Pten”-

Normal

1 j",":i' ,‘l.‘,“.‘.:5 g
N "_' l“ j j' ;",,Iff’ ’lg. ',""’J

v o DA LT 4"" #

T HM@" T EARs ol LR S
N Y v egt VAT N VN8 vl

Poorly diff. AdCa

Mod. diff.

50 wk Pten”" 70 wk Pten”"

FIGURE 6 HOXA10 expression in mouse Pten-deficient prostate cancer. (A) Expression levels of Hoxal0 mRNA were measured in 20-
week-old prostates of wildtype and Pten-deficient tumor bearing mice by qRT-PCR. Significance represents two-tailed Student's t-test. (B)
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exploratory data for HOXA10 expression in a conditional transgenic
mouse model of PCa. In this de novo mouse PCa model, we observed
similarities between the expression patterns of HOXA10 in tumors,
namely the inverse relationship between HOXA10 expression and
tumor differentiation. Given the roles HOX genes in tissue differenti-
ation and homeostasis, it not unreasonable to assume that aberrant
HOX expression in tumors affects tumor development, survival and
progression. This notion is reinforced by data showing HOXB13(G84E)
germline mutations increase the risk of hereditary prostate cancer.

In summary, we have used human and mouse prostate cancer
tissues to characterize HOXA10. From a clinical perspective, HOXA10
expression was inversely related to tumor differentiation and high
HOXA10 expression was associated with longer times to BCR.
Together our data provides evidence to link HOXA10 and PCa,
however, more work is need to define the precise biological functions
of HOXA10 in PCa.

ACKNOWLEDGMENTS

This work was supported by grants from the Japan Society for the
Promotion of Science, Grant-in-Aid for Scientific Research (C) numbers
22591781, 26670707 and 26462433.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

ORCID

Marco A. de Velasco http://orcid.org/0000-0002-4011-6572

REFERENCES

1. Dorin RP, Daneshmand S, Lassoff MA, et al. Long-term outcomes of
open radical retropubic prostatectomy for clinically localized prostate
cancer in the prostate-specific antigen era. Urology. 2012;79:626-631.

2. Amling CL, Blute ML, Bergstralh EJ, et al. Long-term hazard of
progression after radical prostatectomy for clinically localized prostate
cancer: Continued risk of biochemical failure after 5 years. J Urol.
2000;164:101-105.

3. Dell'Oglio P, Suardi N, Boorjian SA, et al. Predicting survival of men
with recurrent prostate cancer after radical prostatectomy. Eur J
Cancer. 2016;54:27-34.

4. Mallo M, Alonso CR. The regulation of Hox gene expression during
animal development. Development. 2013;140:3951-3963.

5. McGinnis W, Krumlauf R. Homeobox genes and axial patetrning. Cell.
1992;68:283-302.

6. Pearson JC, Lemons D, McGinnis W. Modulating Hox gene functions
during animal body patterning. Nat Rev Genet. 2005;6:893-904.

7. Huang L, Pu Y, Hepps D, et al. Posterior Hox gene expression and
differential androgen regulation in the developing and adult rat
prostate lobes. Endocrinology. 2007;148:1235-1245.

8. Shah N, Sukumar S. The Hox genes and their roles in oncogenesis. Nat
Rev Cancer. 2010;10:361-371.

9. Miller GJ, Miller HL, van Bokhoven A, et al. Aberrant HOXC expression
accompanies the malignant phenotype in human prostate. Cancer Res.
2003;63:5879-5888.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

WILEY- The Prostate _| °

Wang H, Lindsey S, Konieczna |, et al. Constitutively active SHP2
cooperates with HoxA10 overexpression to induce acute myeloid
leukemia. J Biol Chem. 2009;284:2549-2567.

Tanwar PS, Kaneko-Tarui T, Lee HJ, et al. PTEN loss and HOXA10
expression are associated with ovarian endometrioid adenocarcinoma
differentiation and progression. Carcinogenesis. 2013;34:893-901.
Yoshida H, Broaddus R, Cheng W, et al. Deregulation of the HOXA10
homeobox gene in endometrial carcinoma: role in epithelial-mesen-
chymal transition. Cancer Res. 2006;66:889-897.

Chu MC, Selam FB, Taylor HS. HOXA10 regulates p53 expression and
matrigel invasion in human breast cancer cells. Cancer Biol Ther.
2004;3:568-572.

Sentani K, Oue N, Naito Y, et al. Upregulation of HOXA10 in gastric
cancer with the intestinal mucin phenotype: reduction during tumor
progression and favorable prognosis. Carcinogenesis. 2012;33:
1081-1088.

Li B, Jin H, Yu Y, et al. HOXA10 is overexpressed in human ovarian
clear cell adenocarcinoma and correlates with poor survival. Int J
Gynecol Cancer 2009;19:1347-1352.

De Velasco MA, Tanaka M, Yamamoto Y, et al. Androgen deprivation
induces phenotypic plasticity and promotes resistance to molecular
targeted therapy in a PTEN-deficient mouse model of prostate cancer.
Carcinogenesis. 2014;35:2142-2153.

Rhodes DR, Yu J, Shanker K, et al. ONCOMINE: a cancer microarray
database and integrated data-mining platform. Neoplasia. 2004;6:1-6.
Taylor BS, Schultz N, Hieronymus H, et al. Integrative genomic
profiling of human prostate cancer. Cancer Cell. 2010;18:11-22.
Grasso CS, Wu YM, Robinson DR, et al. The mutational landscape of
lethal castration-resistant prostate cancer. Nature. 2012;487:239-243.
Varambally S, Yu J, Laxman B, et al. Integrative genomic and proteomic
analysis of prostate cancer reveals signatures of metastatic progres-
sion. Cancer Cell. 2005;8:393-406.

Wallace TA, Prueitt RL, Yi M, et al. Tumor immunobiological
differences in prostate cancer between African-American and
European-American men. Cancer Res 2008;68:927-936.

. Arredouani MS, Lu B, Bhasin M, et al. Identification of the transcription

factor single-minded homologue 2 as a potential biomarker and
immunotherapy target in prostate cancer. Clin Cancer Res. 2009;15:
5794-5802.

Luo J-H, Yu YP, Cieply K, et al. Gene expression analysis of prostate
cancers. Mol Carcinog. 2002;33:25-35.

Liu P, Ramachandran S, Seyed MA, et al. Sex-determining region Y box
4 is a transforming oncogene in human prostate cancer cells. Cancer
Res. 2006;66:4011-4019.

Vanaja DK, Cheville JC, Iturria SJ, et al. Transcriptional silencing of zinc
finger protein 185 identified by expression profiling is associated with
prostate cancer progression. Cancer Res. 2003;63:3877-3882.
Naora H, Yang YQ, Montz FJ, et al. A serologically identified tumor
antigen encoded by a homeobox gene promotes growth of ovarian
epithelial cells. Proc Natl Acad Sci U SA. 2001;98:4060-4065.

Caré A, Silvani A, Meccia E, et al. Transduction of the SkBr3 breast
carcinoma cell line with the HOXB7 gene induces bFGF expression,
increases cell proliferation and reduces growth factor dependence.
Oncogene. 1998;16:3285-3289.

Caré A, Felicetti F, Meccia E, et al. HOXB7: A key factor for tumor-
associated angiogenic switch. Cancer Res. 2001;61:6532-6539.

Wu X, Chen H, Parker B, et al. HOXB7, a homeodomain protein, is
overexpressed in breast cancer and confers epithelial-mesenchymal
transition. Cancer Res. 2006;66:9527-9534.

Kim MJ, Bhatia-gaur R, Banach-petrosky WA, et al. Nkx3.1 mutant
mice recapitulate early stages of prostate carcinogenesis. Cancer Res.
2002;62:2999-3004.

Reynolds PA, Sigaroudinia M, Zardo G, et al. Tumor Suppressor
p16INK4A regulates polycomb-mediated DNA hypermethylation in
human mammary epithelial cells. J Biol Chem. 2006;281:24790-24802.


http://orcid.org/0000-0002-4011-6572

1% | The Prostate ~“WILEY

HATANAKA ET AL

32. Ko SY, Barengo N, Ladanyi A, et al. HOXA9 promotes ovarian cancer

33.

34.

growth by stimulating cancer-associated fibroblasts. J Clin Invest.
2012;122:3603-3617.

Carrera M, Bitu CC, De Oliveira CE, et al. HOXA10 controls
proliferation, migration and invasion in oral squamous cell carcinoma.
Int J Clin Exp Pathol. 2015;8:3613-3623.

Bhatlekar S, Fields JZ, Boman BM. Role of HOX Genes in Stem Cell
Differentiation and Cancer. Stem Cells Int. 2018;2018:1-15.

How to cite this article: Hatanaka Y, de Velasco MA, Oki T,
et al. HOXA10 expression profiling in prostate cancer.

The Prostate. 2019;1-10.
https://doi.org/10.1002/pros.23761



https://doi.org/10.1002/pros.23761

